The par genes (partitioning defective) are required to establish polarity in the Caenorhabditis elegans embryo. We have identi®ed the Xenopus homologue of C. elegans PAR-6 (XPAR-6). XPAR-6 is a protein of 377 amino acids with one PDZ domain which is involved in mediating protein±protein interactions. It shares 59% and 58% amino acid identity with the mouse and Drosophila PAR-6, respectively, and 54% overall identity with C. elegans PAR-6. Xpar-6 is expressed both maternally and zygotically. Xpar-6 is ®rst detected in the animal half of the egg, and this pattern of expression persists into the cleavage and blastula stages. At the gastrula stage, the message is detected in animal pole area and in a broad domain of ventral region, but is excluded from dorsal region. With the onset of neurulation, the localized expression of Xpar-6 becomes more obvious, leading to it being enriched in the dorsolateral region along the lateral edges of neural plate and anterior presumptive head region surrounding the anterior border of neural plate. At late tailbud stage, Xpar-6 transcripts show localized expression throughout the head, labeling the branchial arches, eyes, otic vesicles and brain, while more posteriorly Xpar-6 labels the somites, pronephros, tail tip and proctodeum. Therefore, this analysis suggests that Xpar-6 has a regionalized pattern of expression during Xenopus early embryogenesis. q
Results
The par genes (partitioning defective) are required to establish anteroposterior (A/P) polarity in the Caenorhabditis elegans embryo (reviewed in Guo and Kemphues, 1996) . Recently, the par-6 gene was identi®ed via a map-based cloning approach (Hung and Kemphues, 1999) . Hung et al reported the immunolocalization of PAR-6 protein and its homologues in mammal and¯y. par-6 gene encodes a PDZ domain-containing protein, with par-3 and pkc-3 activity being required for the peripheral localization of PAR-6. It appears that PAR-6, PAR-3 and PKC-3 act in a protein complex in establishing embryonic polarity (Hung and Kemphues, 1999) .
To isolate stage-speci®cally regulated genes during early Xenopus embryogenesis, we performed Ordered Differential Display PCR (Matz et al., 1997) . We identi®ed par-6 homologue in Xenopus which is called Xpar-6 (GenBank accession number AF152346). It encodes a protein of 377 amino acids with one PDZ domain, a protein motif involved in mediating protein±protein interactions (reviewed in Ponting et al., 1997; Craven and Bredt, 1998) . BLAST search for similarity to known sequences reveals that XPAR-6 shares 59% and 58% amino acid identity with the mouse and Drosophila PAR-6 proteins, respectively and 54% overall identity with C. elegans PAR-6 (Fig. 1) . Among these homologues, a 120 amino acid region containing the PDZ domain is highly conserved. As reported previously, in addition to the PDZ domain, the N-terminal regions are also quite similar among the four proteins (Hung and Kemphues, 1999) .
Xpar-6 is expressed throughout Xenopus development. Reverse transcription±polymerase chain reaction (RT± PCR) analysis of the temporal expression of Xpar-6 shows that Xpar-6 transcripts are present in oocytes, eggs and throughout early development (Fig. 2) . The maternal expression of Xpar-6 suggests that it could function to generate cellular asymmetry during early cell division, similarly to C. elegans par-6.
In situ hybridization was performed to study in more detail the spatial expression pattern of Xpar-6 at early stages of Xenopus development. Xpar-6 is ®rst observed in the animal pole of egg (Fig. 3A) , and this even distribution of Xpar-6 over the animal half of embryo persists into the cleavage and blastula stages (data not shown). To further demonstrate the restricted distribution of Xpar-6 transcripts in animal pole region, RT±PCR analysis was carried out to detect Xpar-6 RNA in dissected vegetal and animal explants. This analysis con®rmed a higher level of Xpar-6 RNA in animal relative to vegetal cells (Fig. 3C ). With the onset of gastrulation, Xpar-6 expression begins to show another restricted pattern of expression; localized Xpar-6 transcripts appear, as at previous stages, in animal pole area and the rather diffuse staining of Xpar-6 is seen in a broad domain of ventral region (Fig. 3D ), but is absent from dorsal region (Fig. 3E) . With the formation of blastopore, moderate staining of Xpar-6 can also be detected in a yolk plug until the closing of blastopore (Fig. 3F) . From the beginning of neurulation, the localized expression becomes much more obvious; the message of Xpar-6 gradually localizes to the dorsolateral region and anterior edge of the region which will become the neural plate, being completely excluded from the presumptive neural area and ventral region (Fig. 3G,H ). This pattern of expression continues into later neurula stage, Xpar-6 transcripts being restricted to the dorsolateral region along the ridges of neural fold and extreme anterior region encircling the anterior border of neural plate (Fig. 3I±K) . At the mid-neurula stage, a patch of Xpar-6 expression is also observed at the front of the neural plate (Fig. 3I) . Subsequently, this patch is divided into two bands of stain in bilaterally symmetric pattern (Fig. 3J) . Transverse sections of neurula stage embryos reveal that Xpar-6 transcripts are localized to the epidermal ectoderm, neural plate and intermediate mesodermal region consisting of somatic and splanchnic mesoderm, whose mesodermal cells develop into the pronephros (Fig. 4A) . By late tailbud stage, the positive staining expands to include a segmented pattern of expression along the dorsal half of the somites (Figs. 3L and 4D), branchial arches (Fig.  3L) , eyes (Fig. 4B,C) , otic vesicles (Figs. 3L and 4B), pronephros (Fig. 4B,F) , tail tip (Fig. 3L) and proctodeum (Figs. 3L and 4E ), but is excluded from the notochord and cement gland (Figs. 3L and 4B) . Interestingly, Xpar-6 transcripts can also be seen as a stripe in the brain region (Fig.  4C) . These results show that Xpar-6 exhibits regulated pattern of expression during early embryogenesis in Xenopus laevis. Furthermore, it is suggested that par-6 genes play major roles in organogenesis during later development as well as in establishing anteroposterior polarity in the zygote.
Methods

Isolation of Xpar-6 cDNA and plasmid construction
In an attempt to identify stage-speci®cally regulated genes during early Xenopus development, ordered differential display PCR (ODD-PCR) was performed as described previously (Matz et al., 1997) . To obtain Xpar-6 full-length cDNA, PCR generated partial clone of Xpar-6 was used to probe a Xenopus stage 10 cDNA library constructed in the Fig. 1 . Alignment of the predicted protein sequence of Xpar-6 with its homologues. The most conserved residues among these homologues are indicated by the shaded background. The PDZ domain of PAR-6 is shown boxed. The amino acid identity is greatest over a 120 amino acid region containing the PDZ domain. Xenopus PAR-6 is, across its entire length, 59% and 58% identical to the mouse and¯y proteins, respectively. Comparison of XPAR-6 with the worm PAR-6 shows 54% identity. Lambda ZAPII bacteriophage vector (a kind gift from Michael W. King). Seven positive clones were obtained and rescued as pBluescript phagemids by in vivo excision following the manufacturer's protocol (Stratagene). The longest cDNA insert (2.1 kb) was sequenced on both strands. To construct pBS-NXpar-6, a fragment spanning the N-terminal portion of Xpar-6 open reading frame was obtained by EcoRI digestion and subcloned into the EcoRI site of pBluescript KS(2).
RT±PCR
Total RNA was isolated from oocytes and embryonic tissues using TRI Reagent (Sigma). RT±PCR was performed as previously described (Wilson and Melton, 1994) except that DNA ampli®cation was carried out nonradioactively.
In situ hybridization
Xenopus eggs were in vitro fertilized, then dejellied and cultured in 0.33£ Modi®ed Ringer as described previously (Godsave et al., 1988) . Embryos were staged according to Nieuwkoop and Faber (1967) . Whole-mount in situ hybridization was performed with digoxigenin (DIG)-labeled probes as described in Harland (1991) . In situ hybridization Xpar-6 expression is intense in the head, labeling the eyes, branchial arches, otic vesicles and brain. Posterior to the head, Xpar-6 is expressed in the somites, pronephros, tail tip and proctodeum. ov, otic vesicle; s, somite; ba, branchial arches; pd, proctodeum.
on tissue sections was also carried out using DIG-labeled RNA probe as described (Henry et al., 1996) . All sections were 14 mm thick. Hybridization was detected with an alkaline-phosphatase-coupled anti-digoxigenin antibody and visualized using BM purple as a substrate (BoehringerMannheim). Xpar-6 antisense probe was generated using T3 RNA polymerase on HindIII linearized pBS-NXpar-6 template. Xpar-6 sense probe was synthesized with T7 RNA polymerase on PstI linearized pBS-NXpar-6 template. No staining was seen in the sense control. 
